BACKGROUND: Biological preservation with probiotic bacteria has arisen as an alternative to
INTRODUCTION

Pears (Pyrus communis
In recent years, the minimally processed food market has increased its presence in the food industry 4 due to societal changes in lifestyle. The principal attraction of fresh-cut fruit and vegetables is their convenience and quality 5 . In Europe, fresh-cut fruit constitutes approximately 10 % of the total fresh-cut market volume, and in countries such as Germany and Spain, the market has grown more than in other western countries 6 . Fresh-cut fruit can be defined as any fresh fruit that has been subjected to peeling, trimming, or washing and cutting 7 . Fresh-cut fruit are more perishable than fresh whole fruit because in minimal processing, the natural skin barrier is removed, and microbial invasion, respiration, ethylene production, water loss and microbial decay are promoted 8 . These factors can reduce the visual quality (e.g., colour, texture, flavour) and nutritional properties, decreasing the shelf-life of fresh-cut fruit.
Calcium is an essential nutrient in fruit and vegetables. Calcium deficiency has been implicated in several disorders such as bitter pit in apples and pears 9, 10 , brown rot in apples 11 or brown spots in pears 12 . Calcium plays an important role in the maintenance of firmness 13 due to its ability to activate pectin methyl esterase (PME, EC 3. 1. 1. 11) 14 and at the same time to cross-link with the carboxyl groups of pectin found in the middle lamella 15 . In fresh-cut fruit, calcium is usually applied by dipping the fruit in a solution that contains ascorbic acid, calcium salt and an organic acid 16 .
Natural preservation using biological agents, such as probiotics, has been singled out as an emerging technology 17 . A probiotic has been defined as containing "live microorganisms which when administered in adequate amounts confer a health benefit on the host" 18 .
Probiotics
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should not only survive in the food product but should also be able to reach the small intestine alive 19 . Most common probiotics belong to the heterogeneous group of lactic acid bacteria (e.g., 20, 21 . Lactobacillus rhamnosus GG is an extensively studied strain with well-documented probiotic properties 19 . Iglesias et al. 22 reported that the presence of Lactobacillus rhamnosus GG in fresh-cut pears significantly reduced the growth of L. monocytogenes and its adhesive propoerties and ability to invade
Lactobacillus, Enterococcus) and to the genus Bifidobacterium
Caco-2 cells.
Moreover, fresh-cut fruit and vegetables enriched with probiotic bacteria could be an alternative for people who are allergic to animal proteins or are lactose intolerant, hypercholesteraemic or vegetarian [22] [23] [24] . In previous studies, the use of microorganisms from the genus Lactobacillus as a probiotic in fresh-cut jackfruit 17 , pineapple 25, 26 and apples 4, 19 had no notable adverse effects on the physicochemical and sensory qualities of those products.
It has been demonstrated that Lactobacillus rhamnosus GG on fresh-cut pears was able to survive under in vitro simulated gastrointestinal conditions 22 . Nevertheless, it is essential to know how digestion affects the bioactive compounds and their stability and consequently their bioaccessibility
27
. Bioaccessibility is defined as the quantity of compounds that are released from the food matrix and presented to the intestinal brush border for transport into the cell 28, 29 .
In vitro digestion is often used to simulate gastrointestinal conditions due to the safety and ethical restrictions of in vivo models 30, 31 .
As previously reported by Iglesias et al. 32 , the postharvest calcium treatment and application of L. rhamnosus GG had no effect on either the respiration rate, soluble solids content, titratable acidity or the ethanol and acetaldehyde concentration of fresh-cut pears. The L. rhamnosus GG population was positively correlated with higher emissions of certain esters and alcohols.
Moreover, the population of L. monocytogenes inoculated with L. rhamnosus GG decreased 1.8-log units after 9 d of storage.
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The objective of the present study was to evaluate the effect of postharvest treatment ). Fruits free of visual defects and uniform in colour and size were selected and divided into two lots. Postharvest treatments consisted of fruit dips at 25 °C for 10 min in the following solutions: water (control) and 1 % CaCl 2 . Fruits were then allowed to dry at room temperature before storage at temperatures ranging from 0 to -0.5 °C over 8 months under controlled atmospheric conditions (2 % O 2 and 1 % CO 2 ) and 85 % RH.
Bacterial strain
The antagonist used in this study was the probiotic strain Lactobacillus rhamnosus GG 
32
, and the viability of the probiotic strain on fresh-cut pears was monitored during storage (0, 2, 6 and 9 days) in that study.
Processing, packaging and storage
Pears were cleaned, sanitized by immersion into a 0.1 g L -1 NaOCl solution adjusted to pH 6.5 using citric acid, rinsed and dried prior to cutting operations. Pears were peeled and cut into 10 wedges using a handheld apple corer and slicer. The cut fruit were then dipped into an ice bath. Untreated pears and pears treated postharvest with calcium (1 % CaCl 2 ) were divided into 2 batches each. Each batch was dipped (1:2 w/v) for 2 min at 150 rpm (horizontal shaker) in a cold water and antioxidant solution (2 % ascorbic acid, 2 % sodium citrate and 1 % calcium chloride). Two of these batches were treated with Lactobacillus rhamnosus GG (10 8 CFU mL . Afterwards, the pear trays were stored at 4 °C for 9 d. At days 0, 2, 6, and 9, a portion of each sample was frozen with liquid nitrogen, pulverized and stored at -80 °C for enzymatic assays, vitamin C analysis, phenolic content analysis, and antioxidant activity and calcium determination.
Physical and chemical assays
Physical (colour and firmness) and chemical (titratable acidity and soluble solids content) assays were performed according to methods described by Plaza et al. 
34
.
Assessment of overall visual quality
The assessment was conducted as described by Altisent et al.
35
. The visual quality was assessed by an untrained panel based on the following hedonic scale: 9 = excellent; 7 = very good; 5 = good, at the limit of marketability; 3 = fair, at the limit of usability; and 1 = poor, inedible.
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Enzymatic assays
PPO and POD activity
The PPO and POD activities were measured as described by Plaza et al.
33
. 
Vitamin C analysis
The assay was carried out as described by Altisent et al.
35
. The reduction of dehydroascorbic acid to ascorbic acid was employed to determine the total vitamin C content using TCEP as the reducing agent. The total vitamin C content was determined using highperformance liquid chromatography (HPLC). The results were expressed on a fresh weight basis as grams of ascorbic acid per kilogram.
Determination of total phenolic content
The total phenolic content was determined using the Folin Ciocalteu method 38 , according to the modifications described by Altisent et al.
35
. The results were expressed on a fresh weight basis as grams of gallic acid equivalent per kilogram.
Determination of antioxidant activity
Antioxidant activity (AA) was determined by two different methods: a 2,2-diphenyl-1-
radical scavenging assay and a ferric reducing antioxidant power (FRAP) assay. The extraction and assays were conducted according to the methods described by
Accepted Article
Plaza et al.
33
. The results were expressed on a fresh weight basis as moles of ascorbic acid equivalents per kilogram.
Determination of calcium
The determination of calcium was performed using a HORIBA Jobin Yvon inductively coupled plasma optical emission spectrometer (ICP-OES), Model Activa, equipped with a Meinhard nebulizer. The instrument was calibrated using a mono-elemental atomic absorption standard solution for calcium (1000 mg L -1
). The sample pretreatment (digestion procedure) was conducted in an MLS 1200 mega microwave (Milestone, Milan, Italy) with HNO 3 (700 mL L -1
),
) and nanopure water. The optic emission was measured at 393 nm. The results were expressed on a fresh weight basis as grams of calcium per kilogram.
In vitro simulated gastrointestinal digestion
In vitro simulated gastrointestinal digestion was performed according to the method 
Statistical analysis
The results were expressed as the mean ± standard deviation of three independent determinations. Differences among treatments were evaluated by using a one-way analysis of variance (ANOVA) and were considered to be significant at P<0.05 (95 % confidence level). A This article is protected by copyright. All rights reserved.
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Tukey's test and t-tests were used to determine the differences between means. JMP 8 software was used to conduct the statistical analyses (SAS Institute Inc., Cary, NC, USA).
RESULTS AND DISCUSSION
Physical and chemical quality parameters and overall visual quality
The quality parameters of whole pears after 8 months of storage are shown in Table 1 .
In general, the postharvest calcium treatment did not affect overall quality, with the exception of acidity. Untreated pears showed higher acidity (2.20 ± 0.12 g malic acid L showed that apricots treated with 1 % or 3 % CaCl 2 for 2 min and stored at 5 °C had a higher TA than the control, and the decrease in TA was slowed. They suggested that low temperature storage combined with calcium treatment could reduce acid oxidation.
The results of the physicochemical parameters of fresh-cut pears are shown in Table 2 .
Overall, neither calcium chloride nor L. rhamnosus GG affected the firmness of fresh-cut pears, and there were no significant differences (P>0.05) over the storage period for each treatment. In general, BI values were maintained during the storage period for all samples except for samples with postharvest calcium treatment but without probiotic bacteria. There were no significant differences (P>0.05) between samples until day 6 of storage at 4 ºC.
Overall, samples treated with L. rhamnosus GG had higher visual quality scores than non-treated samples (Fig. 1) , and only the NoCa/LGG samples were still marketable (7.7 ± 0.2) after 9 days of storage at 4 °C.
Enzymatic activity Polyphenol oxidase (PPO) and peroxidase (POD) assays
The postharvest application of 1 % CaCl 2 resulted in an increase in PPO and POD activities in whole pears (Table 1) . In general, PPO activity increased in fresh-cut pears with postharvest calcium treatment after 9 day of storage at 4 °C ( ), CaCl 2 (0.5 %), or a combination of NAC-CaCl 2 . PPO has been considered the primary enzyme involved in the loss of quality in fresh-cut fruit because its activity is related to enzymatic browning 43 .
The effect of PPO activity on fresh-cut pear browning is a controversial issue. Gomes et al. 44 reported that PPO activity was not the best predictor of tissue browning in fresh-cut 'Rocha' pears, either in the presence or in the absence of inhibitors. However, Soliva-Fortuny et al. 45 reported that the browning of fresh-cut 'Conference' pears could be correlated with PPO values, and they suggested that browning reactions are not only influenced by the presence of PPO but also by the availability of oxygen and the presence of phenolic substrates. In the present study, fresh-cut pears were immersed in an antioxidant solution (2 % ascorbic acid, 2 % sodium citrate and 1 % calcium chloride) to avoid browning and softening. Overall, the browning index remained constant over the storage period, whereas PPO activity increased.
Oms-Oliu et al. 46 suggested that a high concentration of ascorbic acid could diffuse into freshcut pear tissue and lead to cell disruption and the subsequent decompartmentalisation of enzymes.
In general, POD activity was maintained after 9 days of storage at 4 °C for samples treated with L. rhamnosus GG ( ) also showed higher POD activity than the untreated samples.
Pectinmethyl esterase (PME) and polygalacturonase (PG) assays
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The postharvest treatment with CaCl 2 produced a significant increase (P<0.05) in the PG activity of whole pears, whereas no effect was observed on PME activity ( In general, PME activity increased in fresh-cut fruits after 9 days of storage at 4 °C (Table 2) . However, there were no significant differences (P>0.05) in PME activity among samples at the end of the storage period (9 d). Similarly, PG activity was maintained during the storage period for all fresh-cut samples without a significant observed effect (P>0.05) of the addition of L. rhamnosus GG ( Table 2 ). The maintenance of PG activity could be related to the preservation of firmness that was observed in all samples. The dipping treatment used in the fresh-cut processing contained calcium chloride, and it is known that calcium can have inhibitory effects on PG activity by solubilizing PG-mediated hydrolysis products 55 .
Vitamin C
There were no significant differences (P>0.05) in the vitamin C values of whole pears regardless of the postharvest calcium treatment (Table 1 ). In fresh-cut pears ( No clear influence of L. rhamnosus GG on vitamin C content was observed ( Table 3 ).
The control samples (NoCa/NoLGG) showed the lowest vitamin C content (0.99 ± 0.07 x 10 -2 g kg -1
) after 9 days of storage at 4 °C, and there were no significant differences (P>0.05) between the other samples. Russo et al. 26 also observed that there were no significant differences (P>0.05) in vitamin C content between fresh-cut pineapples treated with probiotic bacteria (Lactobacillus plantarum B2 or Lactobacillus fermentum PBCC11.5) and the control after an 8 day storage period. However, Russo et al. 24 reported that the treatment with Lactobacillus plantarum B2 (5 x 10 9 CFU mL -1
) resulted in a decrease in ascorbic acid content in fresh-cut melon.
Total phenolic content and antioxidant activity
There were no significant differences (P>0.05) in TPC or AA of whole pears after 8 months of storage ( .
Neither the postharvest calcium treatment nor the probiotic application was observed to influence the TPC or AA of fresh-cut pears during storage (Table 3) . Russo et al. 24 reported that probiotic bacteria had no effect on the TPC and AA of fresh-cut cantaloupe, and those parameters remained stable during storage. Rößle et al. 60 reported that apples slices treated with probiotics showed a loss of TPC after 5 d, suggesting that treatment with a probiotic solution had little effect on the loss of polyphenols. Consistent with this, Russo et al. 26 showed that treatment with a probiotic solution did not significantly affect the TPC or AA values of freshcut pineapples.
In general, the TPC remained unchanged during 9 d of storage, whereas a decrease in the AA was observed in all samples irrespective of the treatment applied. This trend could be related to the addition of calcium chloride and ascorbic acid during the fresh-cut process. 
Calcium content
The postharvest calcium application did not induce a change in the calcium levels in comparison with non-treated whole pears after 8 months of storage (Table 1) . However, Kou et al. 12 showed that the postharvest application of 2 % CaCl 2 increased the concentration of calcium in peeled 'Huangguan' pears after 8 months of storage. Similarly, Gago et al. 10 reported that 'Golden Delicious' apples treated with CaCl 2 (1.5 % w/v) and 1-MCP showed higher calcium concentrations than the control fruit after 180 d of storage. Moreover, in the studies conducted by Manganaris et al.
50, 51
, peaches and nectarines treated with three different calcium solutions (chloride, lactate or propionate) showed a higher calcium content than the control after 28 and 42 d of cold storage, respectively. Beirão-da-Costa et al. 15 reported that the application of calcium to kiwifruit by immersion of the whole fruit in solutions of three different calcium chloride concentrations (1 %, 2 % and 3 %, w/v) combined with heat treatment (45 °C) prevented the diffusion of calcium into the fruit and instead lead to some loss of calcium ions.
In general, the calcium content of fresh-cut pears was higher than on whole pears due to treatment with the antioxidant solution, which contained 1 % CaCl 2 (Table 3) particularly Lactobacillus rhamnosus 4, 22, 23, 56, 60, [65] [66] [67] , to fruit did not study the possible use of calcium by probiotic bacteria as a nutrient or as a mechanism of action against pathogenic bacteria.
In vitro simulated gastrointestinal (GI) digestion
The GI simulation of whole and fresh-cut pears was conducted at two sampling times: 0 and 9 days of storage. Iglesias et al. 22 conducted an experiment where the viability of L.
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rhamnosus GG in fresh-cut pears was studied under similar gastrointestinal conditions. It was observed that L. rhamnosus GG (inoculum of 10 10 CFU mL -1 ) was able to survive the GI phase, and viability was maintained up to 10 8 CFU g -1 in pear wedges. Moreover, high adhesion (80 %) of L. rhamnosus GG was observed. In general, in the present study, the AA and TPC of freshcut pears decreased dramatically after GI digestion.
Antioxidant activity
The DPPH · and FRAP values of digested whole and fresh-cut pears are shown in Fig. 2 .
Total AA in both gastric and intestinal digests were lower than those obtained from chemical extraction (undigested). Zudaire et al. 31 suggested that the antioxidant components present in fruit and vegetables could be potentially unstable due to pH changes and enzymatic degradation.
The decrease in AA was approximately 86-90 % in whole pears and 61-96 % in freshcut pears in comparison with the undigested samples. Schulz et al. 29 suggested that this decrease could be due to a decrease in the TPC and/or transformation into different structural forms with other chemical properties. In fresh-cut pears, the decrease in AA was greater at day 0 (approximately 95 %) than at day 9 (approximately 80 %) due to differences in the initial values. However, several studies reported that the DPPH · values of some fruit and fruit and vegetable juices decreased after the intestinal phase of digestion [68] [69] [70] [71] . Bouayed et al. 72 also observed that FRAP antioxidant activity decreased in 4 apple varieties after gastrointestinal digestion. However, Wootton-Beard et al. 70 reported that the FRAP values of 23 vegetable juices increased after gastrointestinal digestion.
The total antioxidant activity in both the gastric and intestinal digesta was lower than in the chemical extracts. This could be due to the lower TPC as suggested by Bouayed et al.
72
. The DPPH · assay has been reported to underestimate AA due to the possible reactions of DPPH and free radical scavengers, which are also influenced by the structural conformation of antioxidants. DPPH is very sensitive to low pH, and digestion could alter the structure of the antioxidant compounds, which may affect their reactivity with the less biologically relevant
Accepted Article nitrogen radical formed in the DPPH · assay 28, 70 . In addition, the FRAP assay is more useful to study changes in AA as related to the changes in phenolic concentration without interference because of the pH-dependent variation in the polyphenol structure 73, 74 .
Total phenolic content
The impact of in vitro simulated GI digestion on the TPC is shown in Fig. 3 . Mosele et al. (2016) suggested that the decrease in TPC observed after the gastric phase could be due to the instability of molecules under low pH as well as their tendency for entrapment in the pectin gel. However, Friedman & Jürgens 76 and Bermúdez-Soto et al. 77 suggested that the decrease in TPC after gastrointestinal digestion could be associated with the instability of phenolic compounds under high pH. They indicated that the small molecules formed due to hydrolysation are less stable than the larger molecules resulting in different chemical properties, bioaccessibility, bioavailability and biological activity. However, it should be noted that the Folin-Ciocalteu reagent could be reduced by other nonphenolic compounds such as sugars, amines, organic acids, proteins, and ascorbic acid, leading to an overestimation of the TPC 69, 78 .
The greatest decrease in TPC was observed after the gastric phase followed by a smaller decrease after the intestinal phase. The decrease was approximately 80-84 % in whole fruit and 65-85 % in fresh-cut pears. The losses were lower in fresh-cut pears at day 9 (65-77 %) than at day 0 (76-85 %), as was observed for the DPPH · and FRAP antioxidant activity values. Pavan et al. 79 reported that the TPC of araticum and papaya extracts decreased after in vitro digestion.
However, Attri et al. 28 observed an increase in the TPC of some fruit juices, and Chen et al. 68 also reported an increase in the TPC of 25 fruits after gastrointestinal digestion.
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CONCLUSIONS
The effect of postharvest calcium treatment and biopreservation using the probiotic bacteria Lactobacillus rhamnosus GG on the enzymatic activity, nutritional quality and bioaccessibility of the total phenolic content and antioxidant activity of whole and fresh-cut pears was evaluated. The postharvest calcium treatment had no effect on the nutritional quality of fruit compared with untreated whole pears. Moreover, no synergy between calcium chloride and Lactobacillus rhamnosus GG was observed on the fresh-cut samples. The application of L.
rhamnosus GG maintained the quality and the antioxidant potential of the fresh-cut product.
Hence, taking into account the results obtained in this study and the reported benefits of L.
rhamnosus GG on the microbial quality of fresh-cut pears, this treatment of fresh-cut product could be a possible alternative to the use of dairy products. 
